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 The present work is focused on the use o
performance of this type of 
gasifier in Güssing (2) and the 100
(3). A major difference between 
gasifier is a retrofit on an existing boiler
boiler for heat production only or
production. The combustion part of the system is in this configuration much larger than is 
needed for the production 
stable operation.  
 
CHAR CONVERSION
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GASIFICATION MODEL 
 
A gasification model has been developed to be used to investigate the performance of the 
Chalmers gasifier. The model is built on three submodels covering respectively: the 
conversion of a biomass particle, the composition of the volatiles originated from the fuel 
particles and the homogenous reactions. 
 
Particle model 
The particle model is based on the conversion of a moist (> 10%) thermally large particle. 
The rate of the release of volatiles and moisture are given from known input parameters. 
For further details see (7) . 
 
Volatile Composition 
 
The submodel for the volatile composition is based on the elemental species C,H,O 
balances together with the energy balance. The product distribution is outlined by means of 
dry ash free (daf) char and daf volatiles. The volatiles are characterized by CO2, CO, H2O, 
H2,CH4, CxHy (other light hydrocarbons than CH4) and CnHmOk (tars).  Input data to this 
submodel are the C,H,O dry ash free (daf) contents and the heating value of fuel and 
pyrolytic products. The lower heating value (LHV) of tar is calculated from the C,H,O 
composition (8). The elemental composition of CxHy is set to concur with the measured raw 
gas composition from the Chalmers gasifier.  
 
To close the system of equations the four balance equations are complemented with three 
empirical correlations.  
( )( ) 384,9T0,0011-exp-11,145H2Y ⋅⋅=       (i) 
( )( )








−
++=
228.7
T/63210.0429/0.0003
H2
Y
CO
Y
     (ii)
 
COY1445.00895.0CH4Y ⋅+−=      (iii)
 
These correlations are derived from data presented by Neves et al (9). The first two 
correlations are based on the mass ratios H2 to CO and CH4 to CO. These two ratios has 
been found to only depend on the temperature in the range of 700-900°C, hence, 
independent of particle size, heating rate and reactor type (10). The correlation of the mass 
ratio of CH4 to CO is in accordance with data presented in (11).  The third closure equation 
is given by an empirical correlation for the yield of H2 as a function of temperature (9). 
 
Homogenous Reactions 
 
The global homogenous reaction of the gasification process is, here, described by:  
R.1) Tars + H2+ CO2+ H2O + CO + CzHw -> H2O + H2 + CO + CO2 + CzHw 
The above global reaction is here broken down into three parallel reactions: 
R.2) Tars + H2 -> CzHw + H2O 
R.3) CzHw + H2O -> CO + H2 
R.4) CO + H2O <-> CO2 + H2 
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Table 1. Input data gasification model. 
Input data Used value 
Process parameters  
Fuel feed 340 kg/h 
Steam feed  270 kg/h 
Mean bed temperature  791 C  
Mean freeboard 
temperature 
766 C 
Fuel properties   
Proximate analysis   
   Moisture 8.0 %mass (wet fuel) 
   Char 18.0%mass (dry fuel) 
   Volatiles 81.7%mass (dry fuel) 
   Ash 0.3%mass (dry fuel) 
Ultimate analysis  
   C 49.9%mass (daf) 
   H 6.1%mass (daf) 
   O 43.9%mass (daf) 
Mean particle size:  8.2 mm 
Initial temperature 25 C 
Density, wet 1125 kg/m3 
Thermal conductivity 0,12 W/m K 
Specific heat capacity, dry 1000 J/kg K 
Emissivity 0,9 
Bed material  
Mean particle size 0.27 mm 
Density 2650 kg/m3 
Other  
Fluidization velocity 0.5 m/s 
Char conversion 20 %  
Leakage  - 
CzHw C1,6H4,6 
Leakage  
Mass flow flue gas 24 kg/h 
Mass flow air 19 kg/h 
 
Table 2. Assumptions for the gasification model. 
Assumption; 
• the temperature of the bed is 
uniformed. 
• the temperature of the freeboard is 
homogenous. 
• the process operates at steady state. 
• the particle size can be represented 
by an equivalent diameter of a 
spherical particle. 
• fuel nitrogen, sulfur and other minor 
components are neglected. 
• perfect mixture of the gases leaving 
the gasifier. 
• fuel particles undergoing drying and 
devolatilization float on the bed 
surface. 
• heat transfer reduction due to gases 
leaving through a particle are 
neglected 
• the composition of volatiles are 
constant with time. 
• longer hydrocarbons C4-C8 around 
10g/Nm3 dry raw gas. 
 
 
 
 
 
 
 
 
 
 
 
 
The reactions are controlled by the degree of conversion denoted ηtar, ηCzHw and ηWGSR for 
R.2, R.3 and R.4 respectively. R.2 describes the conversion of tars and R.3 describes the 
conversion of CzHw. Reaction R.4 describes the water gas shift reaction (WGSR). It also 
balances the products of R.2 and R.3. The degree factors of conversion (ηtar and ηCzHw) are 
defined as the ratio of the mass yields of tar and CzHw in the gas to those predicted in the 
devolatilization submodel denoted Ytar,0 and YCzHw,0 i.e.: 
 
tar,0
Y
tar
Y
1
tar
−=η
      (iv) 
CzHw,0
Y
CzHw
Y
1
CzHw
−=η
      (v)
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The degree of conversion of the WGSR is defined as the degree of equilibrium: 
eqCO
C
X
eqCO
C
,2
,2
WGSR
−
=η
     (vi)
where X represents the mol fraction to be shifted to reach equilibrium and CCO2,eq is the mol 
fraction of CO2 at equilibrium. The mole fraction X is calculated from the equilibrium 
constant, Kp, of the WGSR reaction as follows: 
 
( ) ( )
( ) ( )
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
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
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⋅=
−⋅−
−⋅−
=
T
HCO
OHCO e33.7
XCXC
XCXC
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4094
22
2
   (vii)
where the empirical correlation for Kp is based on data from (12). 
 
Input Data and Assumptions for the Gasification Model 
 
Input data for the gasification model are listed in Table 1. The determination of the 
conversion of char is described above. The composition of CzHw is estimated from measured 
amount of C1 to C3 hydrocarbons in the raw gas, complemented with an approximated 
amount of longer hydrocarbons (C4-C8). Assumptions made in the model are listed in 
Table 2. 
 
 
RESULTS AND MODEL PREDICTION 
 
The mass balance over the gasifier was closed according to the above-described procedure. 
The output of the closure was that the leakage mass flows of flue gas and air were 24 kg/h 
and 19 kg/h respectively. With the input data from Table 1 the composition of the 
devolatilization products was predicted. The resulting mass fractions in percentage of the 
volatiles released from the fuel particles are as following; H2O 19.5, CO 25.0, H2 0.9, CO2 
10.2, CxHy 3.7, CH4 3.7, and “tars” 37.0. The measured composition of the raw gas in mole 
and mass fraction, with operating conditions according to Table 1, is given in Table 3. The 
thermo-gravimetric tar analysis gave a tar content of 7 g/Nm3. 
 
Table 3. Measured gas composition of the raw gas in percent of volume and percent of mass 
Species H2O CO H2 CO2 CzHw N2 
Vol % 58.9 12.7 10.0 6.4 6.4 4.2 
Mass % 53.8 18.0 1.0 14.3 7.7 5.1 
 
The conversion factors were calculated for the measured raw gas composition in regard to 
the predicted composition of the devolatilization products, yielding: 
ηtar = 97 %   
ηCzHw = -200 %    
ηWGSR = 42 % 
 
This means that more or less all of the tar compounds leaving the virgin fuel particle were 
converted to lighter hydrocarbons, H2, CO, CO2 or H2O. The conversion of the light 
hydrocarbons is negative, which is due to a larger production of light hydrocarbons from 
the conversion of tars, here, described by reaction R.2. This production is much larger than 
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 the consumption described by reaction
measure of temperature, mi
value indicates that the gas is rather far from equilibrium, which means that the gas
of CO and H2O. 
 
SENSITIVITY ANALYSIS
 
The closure of the mass balance was 
hydrogen content of the fuel and the hydrogen content of the light hydrocarbons (value of 
w in CzHw). In Fig.3 it can be
influenced by a change of ±1% 
conversion factors, ηtar, ηCzHw,
resulted in less than a 10 % response. 
 
 
Figure 3. Sensitivity of the mass flows of the leakage of air 
contents of the fuel (left) and composition of C
 
DISCUSSION 
 
The system of equations describing the closure of the 
very limited value ranges for some parameters. The mos
were the H contents of the fuel,
the lumped light hydrocarbons is approximated from measurements of CH
However, longer hydrocarbons 
present measurement setup.
values than those given by the measurement of C
other hydrocarbons not defined as tars
hydrogen contents of the fuel and the light hydrocarbons
attention to these parameters. For example,
the fuel will have a significant influence on the 
be carefully measured.  
 
From the calculated conversion factors of tars and light hydrocarbons it could be noticed 
that there are a high conversion of the tars, 
by 200% shows that the major part comes from conversion from tars. It also indicates a 
slower conversion of the light hydrocarbons than the tars.
 R.3.  The conversion factor of the
xture in the freeboard and residence time of the gases. 
 
found to be very sensitive for variations 
 seen how the estimated leakage flows of air and flue gases are 
of these two input data. The sensitivity of the
 ηWGSR was in comparison to these very low, a 10 % change 
 
 
and flue gas for changes in the H 
zHw (right).  
mass balance is solvable
t critical parameters indentified 
 the total amount of H and w in CzHw. The composition of 
(C4-C8) are not detected in these measurements
 Therefore, subindices in CzHw should have 
1 to C3 as species such as benzene and 
 should be included.  The strict range of values of the 
 point out the need for
 a 0.1% deviation in the content
mass balance. Also the hydrocarbons should 
above 95%. The increase of light hydrocarbons 
 
6 
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of the 
 degree of 
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4, C2, and C3. 
, due to the 
slightly higher 
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Table 4. Comparison of the degree of conversion of the WGSR and values used for calculation.  
Species Chalmers        
(% mol wet) 
100 kW  
(% mol 
wet) 
Güssing  
(% mol 
wet) 
Chalmers 
(% mol 
dry) 
100 kW  
(% mol 
dry) 
Güssing  
(% mol 
dry) 
H2 10.0 21.6
3 243 24.5 361 35-45 
CO2 6.4 11.4
3 153 15.8 191 20-30 
CO 12.7 16.83 123 31.2 281 15-25 
CH4 4.7 6
3 63 11.6 101 8-12 
N2 4.2 <3
2 2,43 10.3 <51 3-5 
H2O 58.9 40
1 402 - - - 
Temperature, (C) 791 800-8501 >800 791 800-8501 >8002 
ηWGSR (%) 43 65 76 - - - 
1
 From the work of H.Hofbauer and R.Rauch (3) with a steam-fuel ratio of 0,63 and recalculated to 
include the water content.  
2
 Based on the assumption that the Güssing plant reaches the same water contents as the 100kW 
research facility using the same steam-fuel ratio 0.6(2), (3). 
3
 Recalculated from the mean values for the composition of the dry gas  
 
Finally, the performance on the bases to reach WGSR equilibrium of the Chalmers gasifier 
was compared with the 100 kW research gasifier at Vienna University of Technolog (3) and 
the gasifier in Güssing (2). To do the comparison the water content in raw gas from the 
gasifier in Güssing was assumed to be the same as the one in 100 kW unit. The ηWGSR values 
are calculated at 800 °C and the results show that the WGSR has gone at least 20 %-units 
further towards equilibrium in the 100 kW and the gasifier in Güssing than in the Chalmers 
gasifier, see Table 4. This difference is a consequence of reactor temperature, char 
conversion, residence time at high temperature for the gas, difference in gas solid contact, 
difference in bed material and difference in fuel. However, the largest influence is expected 
to be due to differences in gas solid contact and differences in bed material. 
 
 
CONCLUSIONS 
The conclusions drawn from this work are 
• The presented zero-dimensional models are power full tools to evaluation the 
indirect gasification process  
• The char conversion in the gasifier is approximately 20%  
• The leakage of air or flue gas can be estimate by the established mass balance  
• The closure of the mass balance is most sensitive to the composition of lumped 
hydrocarbons and the hydrogen content in the fuel 
• The degree of conversion from the predicted volatiles was above 95%mass for tars. 
• The degree of conversion predicted for the light hydrocarbons is -200%mass. The 
negative value implies an increase of the amount of light hydrocarbons resulting 
from the conversion of the tars.  
• The degree of equilibrium for the WGSR was 42%.  
• The WGSR at the Chalmers gasifier is shown to be significant further from 
equilibrium than has been reported from comparable gasifiers in the litterature  
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